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Hipertansiyon

* En onemli kardiyovaskiiler 6lim nedenlerinden biri

* Yuksek tansiyon
e Inme
e MI
e SVO
* Demans
o KBY
e PAH
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Multiple Risk Factor Intervention Trial (MRFIT); n = 347,978 men
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* Amerika Birlesik Devletleri'nin 32.
baskani Franklin Delano Roosevelt
1945 yilinda hipertansiyona bagl
end organ hassarindan oldiugu
rapor edilmis

* Drraporunda olciilen TA: 310/190
mmHg

VOLUME 27, NO. 4 MORTALITY IN SEVERE HYPERTENSION, 1944-1945

Monrtality article 327L1

EDRIS FATAL STROKE,
MORTALITY IN SEVERE HYPERTENSION, 1944 -45

Richard B Singer, MD



Hipertansiyon Nedenleri

* Primer : Esansiyel Hipertansiyon: %95
* Sekonder Hipertansiyon

e Renovaskiiler Hipertansiyon

» Renal Arter Stenozu, Fibromiiskiiler Displazi (FMD; aterosklerotik renal arter
stenozunun aksine, klasik olarak, renal arterin orta ve distal ticte ikisini tutar. Ayrica
renal arter dallarini da tutabilir.)

e Renal Parankimal Hastaliklar
« Diabetik yada kronik glomeruloneftit,

e Endokrin Hastaliklar
« Conn Sendromu
» Feokromasitoma
« Cushing Sendromu

» Hipotiroidizm, Hipertiroidizm, Hiperparatiroidizm
e Aort koarktasyonu
e Akromegali
e Uyku apne sendromu
e Ilaclar (Oral kontraseptif, NSAI, Kortikosteroidler)
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Renal Denervasyon

* Endikasyonlar1

e Tedaviye direncli hipertansiyon: biri ditiretic olmak tizere en
az 3 tolere edilebilen yiiksek doz antihipertansif alan

e Ofis SBP =160 mmHg (Tip II diabetli olgularda =150 mmHg)

e GFR>45 ml/dk

e Sekonder seberler dislanmis

e Renal arter stenozu olmayan yada daha once renal invaziv
islem gecirme oykiisti olmayan

e Renal arter cap1 =4mm, Uzunlugu = 20 mm olmali,

e Tercihan aksesuar renal arteri olmayan

e Pseudorezistans dislanmis: Beyaz onliik etkisi, yanlis ol¢tim,
uygunsuz tedavi, hasta uyumsuzlugu (ABPM kullanilmisg).

The Joint UK Societies’ Consensus Statement on Renal Denervation for Resistant Hypertension.
26th January 2012 - http://guidance.nice.org.uk/IPG418
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Renal Sempatik Efferent ve Afferent Sinirler:
(Bobrek, santral sempatik uyar1 olusumunda merkez islevi gortir)

Vazokonstriksiyon 7€~
Ateroskleroz / o
7 Hipertrofi

_ »”  Uyku Aritmi

insiilin bozukluklar Renal Afferent Oksjen tiiketiminde artis

Rezistansi Sinirler

l Renal efferent
sinirler

1 Renin Salinim = RAAS aktivitesi
T Sodyum Retansiyonu
J Renal Kan akimi




Efferent sympathetic activation Afferent renal sympathetics

L RBF/GFR
T Renin
T Na* /Volume

| RBF: Renal Blood Flow(Renal kan akimu)

Sempatik sinir sistemi jukstaglomeriiler aparattan renin salinimini
artirir.

DiBona GF. Functionally specific renal sympathetic nerve fibers: role in cardiovascular regulation. Am J Hypertens. 2001;14:163S-170S.



Plazma Norepinefrin Salinim Duzeyleri
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Esler M, | Hypertension 1990

Allen EV. Sympathectomy for essential hypertension. Circulation. 1952:6:131-40.
Smithwick RH. Sympathectomy, splanchniecoctomy and vagotomy. Rev Surg. 1973;30:153-73.



N

Sempatik Denervasyon

Tissue norepinephrine
(Pg/mg)
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Schlaich, MP, Sobotka PA, Krum H, Lambert E, Esler MD. Renal sympathetic-nerve ablation for uncontrolled hypertension. N Engl ] Med. 2009;361:932-4. .



Renal Denervasyon

- Cerrahi sempatektomi,1950’li yillarda radikal cerrahi sempatektomi
(splanknikektomi)
- Kan basincinda ciddi dususler var.
- Yan etkiler; Ortostatik tasikardi, postural hipotansiyon erektil
disfonksiyon, mesane ve barsak sorunlari

- Renal arterin kesilmesi ve reanastomozu
- Lokal fenol uygulamasi ile adventisyanin hasarlanmasi

- Renal sempatik sinir radyofrekans ablasyonu



Renal Denervasyon

Amag:
- Renal arter adventisyasi icinde yer alan sempatik afferent ve efferent
sinirlerin ablasyonu ile sempatik aktivasyonun baskilanmasi.

4 Hafta siireyle aspirin kullanimi
onerilmekte




Today we know that distal nerves are more close

to the vessel t

Proximal

Current concept — Non-uniform radial dis [.riﬂu[mn'

Sakakura K et al. J Am Coll Cardiol. 2014
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_— | Evolving Perspective on Renal Nerve Distribution:
Anatomic Data Regarding Extent of Innervation

Mompeo et al., Clin Anat, 2016 doi: 10.1002/ca 22720
Imndaze et al. J Interv Cardiof. 2016 Sep 29. doi: 10.1111/joic. 12343 '—l PiEd
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Combined Branch and Main Artery Treatment
Resulted in Greater and More Consistent Pre-Clinical Effect

%NE Change + 5D

V Branches
Only

Pre-clinical data show significantly greater reductions in renal
sympathetic activity with combined proximal and distal therapy application.

Mahfoud et al. J Am Coll Cardiol. 2015,66:1766-75.
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GLOBAL SYMPLICITY REGISTRY:
Subset: Renal Artery Branch Treatment with Spyral at 6 months
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Greater Decreases in Ambulatory Blood Pressure with Distal vs. Proximal
RDN Therapy Application in Treatment Resistant Hypertensive Patients

CONVENTIONAL
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Treat distal to proximal

Paradise Ultrasound
EnligHTN, St.Jude Cordis ThermoCool Symplicity, Ardian, Medtronic

Vessix, Boston

Spyral system multi-electrode catheter PeriVascular Renal Denervation
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More helical electrodes cause more denervation
and more Norepinephrine reduction

% Denervation
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Tzafriri et al Sci Transl Med 2015

More denervation
causes more blood pressure reduction
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Unilateral Renalane RDN
5-electrode treatments: 9 to 10W/60 sec



Ardian, Medtronic

Monopolar

Tek elektrod

6F Kilavuz kateter

8W

2dk’lik RF periyodu x ~5
> 4mm arterlerde

~20dk

EnligHTN, St.Jude

Monopolar

Dort elektrod (1cm)

8F Kilavuz kateter

6W

1.5dk’lik RF periyodu x 2-3
> 4mm arterlerde

~10dk

B

Vessix, Boston

* Bipolar

» Sekiz elektrod (2cm)

* 6F Kilavuz kateter

e 12W

* 3o0sn RF periyodu x 1-2
* | 4mm arterlerde

o ~2dk


http://www.mdbuyline.com/wp-content/uploads/2012/08/Catheter.png

Radiofrequency ablation Symplicity Single electrode and Spyral™-Multielectrode catheter
EnligHTN Multielectrode catheter
Vessix V2 Balloon-mounted catheter
Renlane Irrigated multi-electrode catheter
ThermoCool Cryoablative irrigated catheter
Chilli ll Cryoablative irrigated catheter
Ultrasound ablation Paradise Ultrasound catheter
TIVUS Ultrasound catheter under development
KONA medical Ultrasound catheter under development

Pharmacological ablation

Bullfrog microinfusion

Microneedle-equiped balloon catheter




- Denervasyon kateteri segmental arter ayrimina kadar ilerletilir.

- Segmental arter ayrimi oncesinden, orifise kadar smm araliklarla, helikal
konumlandirilarak 2’ser dk siireyle ablasyon uygulanur.




%’mgimizde Yapilan %e rvasyon

Ornegi

<*RF ablasyonu
<*Renal arter orifisi diizeyinde, tist duvar ablasyonu

“+Islem sirasinda ve sonrasinda kontrol anjiografi
(Spazm, Diseksiyon, Riptiir acisindan)

* 4 Hafta stireyle aspirin
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Renel Denervasyon Calismalari



European Heart Journal (2013) 34, 2159-1219 ESH AND ESC GUIDELINES
conorens  doi:10.1093/eurheartj/eht151

sssssssss

2013 ESH/ESC Guidelines for the management
of arterial hypertension

The Task Force for the management of arterial hypertension of the
European Society of Hypertension (ESH) and of the European Society
of Cardiology (ESC)

Authors/Task Force Members: Giuseppe Mancia (Chairperson) (Italy)*, Robert Fagard
(Chairperson) (Belgium)*, Krzysztof Narkiewicz (Section co-ordinator) (Poland),
Josep Redon (Section co-ordinator) (Spain), Alberto Zanchetti (Section co-ordinator)
(Italy), Michael Bohm (Germany), Thierry Christiaens (Belgium), Renata Ciflkova
(€zech Republic), Guy De Backer (Belgium), Anna Dominiczak (UK),

Maurizio Galderisi (Italy), Diederick E. Grobbee (Netherlands), Tiny Jaarsma
(Sweden), Paulus Kirchhof (Germany/UK), Sverre E. Kjeldsen (Norway),

Stéphane Laurent (France), Athanasios ). Manolis (Greece), Peter M. Nilsson
(Sweden), Luis Miguel Ruilope (Spain), Roland E. Schmieder (Germany),

Per Anton Sirnes (Norway), Peter Sleight (UK), Margus Viigimaa (Estonia),

Bernard Waeber (Switzerland), Faiez Zannad (France)

* Renal denervasyon klavuzda IIb C

Therapeutic strategies in patients with resistant

T hypertension

In resistant hypertensive patients
it is recommended that physicians
check whether the drugs induded
in the existing multiple drug
regimen have any BP lowering
effect, and withdraw them if their
effect is absant or minimal
Mineralocorticoid receptor
antagonists, amiloride, and the
alpha- | -blocker doxazosin should
be considered. if no
contraindication exists.

Until more evidence is available
on the long-term efficacy and
safety of renal denervation and
baroreceptor stimulaticn, it is
recommended that these
procedures ramain .. ... s

L cmpenn i ol upE de § and
diagnosis and follow-up restricted
to hypertension centers.

It is recommended that the
invasive approaches are
considered only for truly resistant
hypertensive patients, with clinic
values = |60 mmHg SBP or

=110 mmHg DEP and with BP
elevation confirmed by ABPM.

Recommendations Class® Level Ref. ©

604, 606,
&07, 608

ABPM = ambulatory blood pres sure monitoring; BP = blood pressure; DEF =

diastolic blood pressure; SBP = systolic blood pressure.
*(Nass of recommendation.

"l evel of evidence.

“Reference(s) supporting recommendation s ).



Symplicity HTN-1

* 153 hasta dahil edilmis fakat 3 yillik takipte kayiplar ile
toplamda 88 hasta verisi elde edilmis

* Ortalamayas 57
* 3 yillik takipte, her 6 ayda bir kontrol
* Hastalarin %28 tip 2 diabetes mellitus

THE LANCET

Percutaneous renal denervation in patients with treatment-
resistant hypertension: final 3-year report of the Symplicity
HTN-1 study

Prof Henry Krum, PhDB, Prof Markus P Schlaich, MD, Prof Paul A Sobotka, MD, Michael B6hm, MD, Felix Mahfoud,
MD, Krishna Rocha-5Singh, MD, Richard Katholi, MD, Prof Murray D Esler, MEBS

Published: 07 November 2013

Volume 383, No. 9917, p622-629, 15 February 2014
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8 THE LANCET

Percutaneous renal denervation in patients with treatment-
resistant hypertension: final 3-year report of the Symplicity
HTN-1 study
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SYMPLICITY HTN-1

1 YEAR (N=132) 2 YEARS (N=105) 3 YEARS

Sonuclar mitkkemmel Symplicity HTN-2 planlaniyor



Symplicity HTN-2
Primary Endpoint: 6-Month Office BP

RDN (n=49) Control (n=51)
1 0
!

i

A\ from
Baseline . T Systolic Diastolic
to
6 Months - ;:.i.c
(mmHg) '

3311 mmHg
difference between RDN and Control
(p<0.0001)

-32

Systodic

« 84% of RDN patients had 2 10 mmHg reduction in SBP
* 10% of RDN patients had no reduction in SBP




European Heart Journal (2014) 35, 1752-1759 CLINICAL RESEARCH

EUROPEAN doi:10.1093/eurheartj'ehu20? Hj.-"p ertension

FOCIETY OF
CARDIOCOGY #

Catheter-based renal denervation for treatment

of patients with treatment-resistant hypertension:
36 month results from the SYMPLICITY HTN-2
randomized clinical trial

Murray D. Esler'*, Michael B6hm?2, Horst Sievert?, Christian L. Rump?,
Roland E. Schmieder®, Henry Krum®, Felix Mahfoud?, and Markus P. Schlaich’

'Baker ID| Heart and Diabetes Institute, Monash University, 75 Commercial Road, Melbourne, Victoria 3004, Australiz “Universititskinium des Saarlandes, Homburg/Saar, Germany;
*CardicVaskulires Centrum, Frankfurt, Germany; *Department of Nep hrelogy, Heinrich-Heine- University, Medical Faculty, Disseldorf, Germany; *Drepartment of Mep hrology,
Hypertension of the University Hospital, Clinical Researdch Competence Center of Hypertension and Vascoular Medicine, Erlangen, Germany; and $Monash Centre of Cardiovascular
R.esearch and Education in Therapeutics, School of Public Health and Preventive Medicine, Monash University, Melbourmne, Australia

Received 3 March 2014; revised 28 Apnl 2014; accepted 30 Apri 2014; online publish-ohead-ofprint 4 [une 2014



BP change (mm Hg)

Symplicity HTN-2, 36aylik

6 mo
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Sonuclar mitkemmel Symplicity HTN-3 planlaniyor
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SYMPLICITY HTN-3

* 1441 hasta taranip, 535 Hasta dahil edilmis, 88
merkez, 111 operator,

* Hastalar 2 grup, 2:1 randomizasyon

e Symplicity Flex Katheter (Medtronic, MN, USA) 364
hasta RSA

e Renal angiografi (kontrol) 171 hasta.
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SYMPLICITY HTN-3 Trial Design

2 weeks

Home BP & | OM

HTN med
confirmatbon

.:D_

Primary
endpoint

Home BP &

HTN med

2 weeks

l'

« Patents, BP assessors, and study personnel

2 weeks 1M 3M
[ Home BP &
HTN med
confirmation
" Renal
angiogram;
o EBgiie
Screening Visit 1 Screening Visit 2 "‘h'l “i: d
= Office SBP 2160 * Office SBP 2160 !
- Full doses 23 - 24-h ABPM SBP SSTUYEON
meds 2135 mm Hg | | l | |
* No med changes * Documented med 1M 3IM
in past 2 weeks adherence
* No planned med :
changes for6 M
all blinded to treatment status
* No changes in medications for 6 M
Sy oy W - 3 Bhatt DL, Kandzari DE, O'Neill WW, et al.
- Bakris GL. N Engl J Med 2014




P ST

6 aylik takipte

* Primer sonlanim noktasi:

e Sistolik kan basincinda diisme
« RSA kolunda 14.1 + 24 mmHg
» Kontrol kolunda 11.7 + 26 mmHg (P=0.255).

* Sekonder sonlanim noktasi:
* 24-h ambulatuar BP degisim iki grupta ayni1 (P=0.979).



Symplicity 3: RDN vs. Shmhnent Resistant HTN
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SymplicityHTN-1
SymplicityHTN-2
SymplicityHTN-3

T.F. Lischer and F. Mahfoud. Eur. Heart J. 2014 online

Diastolic BP

Systolic BP



@- Medironic

NEWS RELEASE
Contacts:
Wendy Dougherty Jeff Warren
Public Relations Investor Relations
+1-763-381-1204 +1-763-505-2696

FOR IMMEDIATE RELEASE

MEDTRONIC ANNOUNCES U.S. RENAL DENERVATION
PIVOTAL TRIAL FAILS TO MEET PRIMARY EFFICACY ENDPOINT
WHILE MEETING PRIMARY SAFETY ENDPOINT

MINNEAPOLIS - January 9, 2014 - Medtr;m:’s Inc. iNYSE: MDI'E mdaﬁ announced

that its U.S. pivotal trial in renal denervation for treatment-resistant hypertension,
SYMPLICITY HTN-3, failed to meet its primary efficacy endpoint. The trial met its
primary safety endpoint, and the trial’s Data Safety Monitoring Board (DSMB)
concluded that there were no safety concerns in the study.
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SYMPLICITY HTN-3 calismasinin diger
calismalardaki basariyl gosterememe sebepleri

* Medikal tedavi kolundaki hastalarda diger
calismalarda yapilmayan ila¢ modifikasyonlarinin
yapilmasi (doz artimi,ila¢ ayarlamasi)

* 88 merkez, 111 operator,
* Calisma boyunca bir operator ortalama 3 vaka yapmis
» Ogrenme egrisi, renal artere uygulanan ablasyon sayisi



HTN-3: More ablations
cause more blood pressure reduction
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European Heart journal (2017) 38, 93-100 CLINICAL RESEARCH
SURCPEAN deir10.1093/eurheartj/ehw 325 Interventional Cdr‘dﬁﬂfﬂg}f
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Reduced blood pressure-lowering effect of
catheter-based renal denervation in patients

with isolated systolic hypertension: data from
SYMPLICITY HTN-3 and the Global

SYMPLICITY Registry

Felix Mahfoud', George Bakris?, Deepak L. Bhatt?, Murray Esler?, Sebastian Ewen’,
Martin Fahy>, David Kandzari®, Kazuomi Kario’, Giuseppe Mancia®, Michael Weber?,
and Michael Bohm1

"Klinik fior Innere Medizin IiL, Kardiclogie, Angiclogie und Internistische Intensivmedizin, $aarland University Hospital, Kirrberger S, Geb. 40, Homburg/Saar 66421, Germany;
*University of Chiage Medicine, Chimga, IL, USA: *Brigham and Women's Hospital Heart & Vascular Center and Harvard Medical School, Boston, MA, USA; *Baker IDI Heart and
Diabetes Institute, Melbourne, Australia; *Medtronic, Santa Rosa, CA, USA; *Piedmont Heart Institute, Atlanta, GA, USA; Tichi Medicl University School of Medicine, Todhig, |apan;
BUniversity of Milano-Bicooca and bstitute Auxclogico taliane, Milan, taly; and *SUNY Downstate Medical Center, Brookdyn, MY, USA

Received 31 January 2016; revised 27 April 2016; occepted 29 June 2016; online publish-chend-of-print 28 July 2016

See page 101 for the editorial comment on this article (doi:10.1093eurheartjlehwd 60)

Mahfoud F, EHJ 2016



-SYMPLICITY HTN-3 deki hastalar izole sistolik-hipertansiyonu ve
kombine hipertansiyon olan 2 gruba ayrilmas.

* 6 aylik takipte Ofis tansiyonlar olctildiigiinde
* Kombine hipertansiyonu olan bireyler RSA'dan daha fazla fayda gormiis
* Medikal tedavi koluyla karsilastirildiginda anlamli fark yok.
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* Kombine hipertansiyonu olan bireyler RSA'dan daha fazla
fayda gormis

* Medikal tedavi koluyla karsilastirildiginda anlaml fark yok.

HTN-3 HTN-3 G5R Pooled
RDN Sharm RDN RDN
]
27125
-5 Ox1x2
=5.7218.9 58+15.4
-83+16.3
—10 87+ 16.8 -8.8 £ 16.2
| J EmCH
— L]
W I5H
15 —4.3(-7.4,-11) —2.9[-8.0, 1] =14 [=5.8, 2,0] ~3.0[-5.4, -0.6)
F = 0.008 F=0.254 P=0337 P=0.01%
-20
=25
EL 24-h 160 157 162 153 159 152 160 154
SBP

Figure 2 24-h ambulatory systolic blood pressure change at 6 months. BL, baseline; CH, combined (systolic—diastolic) hypertension; G5R, Glo-
bal SYMPLICITY Registry; HTM-3, SYMPLICITY HTMN-3 trial; ISH, isolated systolic hypertension; RDM, catheter-based renal deneration.



SYMPLICITY HTN-3

* Sub grup analizlerinde RSA

e Metabolik sendrom, glukoz metabolizmasi tizerine

e LVH de diastolik fonksiyon pozitif etkisi

e Ayrica hasta grubu
« OSAS
- KBY

« KKY, Tasikardik
 Polikistik BH hastalarinda yararh pozitif etkileri
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* Metabolik sendrom tanili 17 direncli HT hastasi, 3:1
randomizasyon

13 hasta RSA
* 4 kontrol

* Ayrilip 3 ay sonra OGTT yapilmis.

* RSA grubunda OGTT ye sekonder artmis sempatik
sinir aktivitesinde azalma (p<o,001)

* Fakat instlin rezistansinda , Tg, HDL seviyelerinde
anlaml fark yok.



RSA LVH’inde gerileme

* 66 HT hasta RSA 6 aylik takip

Joumal of the American College of Cardiclogy Vol 63, No. 18, 2014
@ 2014 by the Amedcan College of Cardiology Foundarion IS5M OF35-1097/836.00
Published by Elsevier Inc. heepef e, doi. org10. 101 6. jace 2013.10.073

Improvements in Left Ventricular Hypertrophy @.:mm
and Diastolic Function Following

Renal Denervation
Effects Beyond Blood Pressure and Heart Rate Reduction

Stephan H. Schirmer, MD, PuD, Marwa M. Y. A. Sayed, MD, Jan-Christian Reil, MD,
Christian Ukena, MD, Dominik Linz, MD, PHD, Michael Kindermann, MD), Ulnch Laufs, MD),
Felix Mahfoud, MD, Michael Béhm, MD

Homburg/Saar, Germany



.

. Independence of LV Mass Reduction and
= BP or HR Reductions following RDN

P for interaction = 0.63
p<0.001 p=0017 p=0046 pn<0 001
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Schirmer SH1, Sayed MM2, Reil JC2, Ukena C2, Linz D2, Kindermann Mz, Laufs Uz, Mahfoud F2, B6hm M2. Improvements in left ventricular

hypertrophy and diastolic function following renal denervation: effects beyond blood pressure and heart rate reduction. ] Am Coll Cardiol. 2014
May 13;63(18):1916-23. doi: 10.1016/j.jacc.2013.10.073. Epub 2013 Dec 4.
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» Kalp YetmezIligi on calismalar sinirli sayida hasta
on sunum yapilmis

* Reach - Pilot (Renal Artery Denervation in Chronic
Heart Failure Study (REACH)calismasinda RSA
yapilan hastalarda 6.ayin sonunda egzersiz kapasitesi

artmis (p:0,03) sadece 7 hasta . Calisma devam ediyor
(NCT 01639378)

* Olomouc -I calismasinda 6.ayin sonunda EF de %6 lik
artis (p<o,01) 21 hasta



RDN for Congestive Heart Failure:
Preliminary Data

REACH-Pilot: OLOMOUC I:
Improvement in exercise capacity Improvement in ejection fraction

Change in LVEF
p<0.01

P=0.36

A27T1Am

p=0.03 p<0.01
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7 pt pilot study 51 randomized pts




RSA ve KKY de 6 lik yUrume testi

Rev Port Cardiol. 2017;36(1):45-51
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ORIGINAL ARTICLE

Effects of percutaneous renal sympathetic denervation
on cardiac function and exercise tolerance in patients
with chronic heart failure

@ CrossMark

Jun-Qing Gao?, Yun Xie®, Wei Yang?, Jian-Pu Zheng?, Zong-Jun Liu®*

@ Department of Cardiclogy, Putuo Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai 200062,
People’s Republic of China
b Department of Cardiology, People’s Haspital of Shanghai Putuo District, Shanghai 200060, People’s Republic of China
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* EF<%45 olan 14 HT (ort ta:138,6£22,1 mmHg) RSA 6
ay sonra ort ta:123,2+10,5 mmHg (p:0.026)

* 6 dak lik ytirime testinde 152.9+38.0 metreden

334.3194.4 m (p<o0.001),

s ¢

Walk distance (m)
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L=]
L
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&
Figure 2  Six-minute walk distance in heart failure patients
undergoing renal denervation. RDN: renal denervation.



OSAS ve RSA

* 10 OSAS +direncli HT hasta ile yapilan calisma

* RSA yapilmis 6 ay sonra apnea-hypopnea index bazale gore
azalmis (median: 16.3 versus 4.5 events per hour; Po.059)

Hypertension

Effects of Renal Sympathetic Denervation on Blood Pressure,

<l [Sorate RGNS and Glycemic Control in Patients With
Resistant Hypertension and Sleep Apnea

Adam Witkowski, Aleksander Prejbisz, Elzbieta Florczak, Jacek Kadziela, Pawet $liwiriski, Przemystaw Bieleri, llona Michatowska,
Marek Kabat, Ewa Warchot, Magdalena Januszewicz, Krzysztof Narkiewicz, Virend K. Somers, Paul A. Sobotka, Andrzej Januszewicz

E&] https://doi.org/10.1161/HYPERTENSIONAHA. 111.173799
Hypertension. 2011:58:559-565
Originally published September 14, 2011
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DENER-HTN Calismasi

* 24 saatlik ABPM de RSA yapilan hastalarda 6.ayin
sonunda giindiiz saatleri veya gece saatlerinde KB
diististintin daha iyi oldugu gorulmis

* Fakat RSA yapilmasina ragmen kullanilan ila¢ dozaji
azalmamis



=
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DENER-HTN: Changes in
Ambulatory BP at 6-month Follow up

Daytime A-5.9 mmHg Nighttime A-6.3 mmHg
(95%CI -12.3 to0 0.5) (95%CI -12.0 10 0.6)
- p=0.03 p=0.03
4L 0 1
=
E 5.
QO
)
- |
=
&
Q. 15 4
(48
o
RDN Control P value
Patients with 24-hour BP <130/80 mmHg, % 40 10 =0.02
Patients with systolic BP reduction >20 mmHg, n 42 29 P=0.02

®Uemnervabon = Conbns

Azizi M, Lancet 2015 .



* RSA grubunda
kullanilan ilac
dozaji
azalmamis

Drug detected/prescribed ratio (%)

Adherence to Antihypertensive Treatment
and the Blood Pressure-Lowering Effects of
Renal Denervation in the Renal Denervation for
Hypertension (DENERHTN) Trial

P=0.7637

100+

759

50

251

Renal denervation Control

Azizi M, Circulation 2016



OSLO RDN calismasi
Hypertension

Adjusted Drug Treatment Is Superior to Renal Sympathetic
Denervation in Patients With True Treatment-Resistant
Hypertension

Fadl EImula M. Fadl Elmula, Pavel Hoffmann, Anne C. Larstorp, Eigil Fossum, Magne Brekke, Sverre E. Kjeldsen, Eyvind Gjsnnzss,
Ulla Hjernholm, Vibeke N. Kjzr, Morten Rostrup, Ingrid Os, Aud Stenehjem, Aud Heieggen

[ https://doi.org/10.1161/HYPERTENSIONAHA . 114.03246
Hypertension. 2014,63:991-999
Originally published March 3, 2014

Renal denervation (RDN) group (n=9)

Patients with true

treatment resistant

hypertension (n=19)

. Patient Long-term follow-up
a
1 ;Bnpdpmnt offerad 1, 2, 3, 5. years
crossover

4

1:1 randomization

Drug adjustment group [n=10)



Adjusted Drug Treatment Is Superior to Renal Sympathetic Denervation in
Patients With True Treatment-Resistant Hypertension (OsloRDN)

* 65 hasta dahil edilmis fakat taramalarda dislanarak 19 hasta
e 10 hasta ilac tedavisi ile kontrol
e 9 hasta RSA yapilmis

* (Calisma 6.ay sonunda yanliz ila¢ alan grup TA
160+£14/88+13 mm Hg den 132+10/77+8 mm Hg
(P<0.0005)

* RSA yapilmis grupta 156£13/91+15 mm Hg den
14817/89+8 mm Hg (P=0.42).

* Ilac tedavisinin RSA ‘na tistiin goriilmesi ile etik nedenler
ile calisma 6.ayda erkenden sonlandirilmis.



Table. Baseline Characteristics, Disease History, and Antihypertensive Medication for
Participants Randomized to RDN or Drug Adjustment

RDN Drug Adjustment
Variable (n=9) (n=10) PValue
No. of antihypertensive drugs 5.1 (1.6 50(1.2) 0.86
ACE inhibitors/ARBs 100% (9) 100% (10) 1.00
Calcium channel blockers 89% (8) 70% (7) 0.58
Diuretics 100% (9) 100% (10) 1.00
Aldosterone antagonist 33% (3) 60% (6) 0.37
f-Blockears 56% (5) 90% (9) 0.14
Direct renin inhibitors 22% (2) 0% (0) 0.21
a-1 blockers 56% (5) 20% (2) 017
Centrally acting sympathicolytics 56% (5) 40% (4) 0.66

Vasodilators 0% (0) 20% (2) 0.47
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% Role of Adding Spironolactone and Renal Denervation
: in True Resistant Hypertension

One-Year Outcomes of Randomized PRAGUE-15 Study

Jin Rosa, Petr Widimsky, Petr Toudek, Ondiej Pewrik, Karol Curila, Petr Waldauf, Franti%ek Bedndf,
Tomias Zelinka, Robert Holaj, Branislav Strauch, Zuzana Somléovd, Milod Taborsky, Jan Viclavik,
Eva Kocidinovi, Marian Branny, Igor Nykl, Otakar Jiravsky, Jifi Widimsky Jr

Optimal antihypertensive treatment
(+ mineraloreceptor antagonists)

versus
Renal denervation

Rosa J, Hypertension 2015
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® 106 hasta
* 52 RSA-+tedavi
* 54 spironalakton+tedavi

* Hastalardan 1 yillik veri toplanmus.



24 ABPM 1.vil sonunda

Blood Pressure [mm Hg]

200+ Difference in change,
1.9 (-4.2;5.0)
p=0.54
180 4 ! !
Change from baseline, Change from baseline,
G4 {-10.1,-2.7) 5.2 (-13.2:3.3)
p=0, 001 p=0,002
160 +
140+
120+
100+
80 -
60 -
| 1
RDN PHAR
n=251 n =50

B Baseline [ ] 12 Months




Ofis 6lcimu 1.yil sonunda

% Role of Adding Spironolactone and Renal Denervation
- in True Resistant Hypertension
One-Year Outcomes of Randomized PRAGUE-15 Study

Blood Pressure [mm Hg]

Rosa J, Hypertension 2016

200

180

160

140

120

100+

-2.1 mmHg

p=0.61

-13.4 mmHg
p<0.001

|
-11.3 mmHg
p<0.001




Original Article

Renal denervation in comparison with intensified

pharmacotherapy 1n true resistant hypertension:
- outcomes of randomized PRAGUE-15 study

Jan Rosa®®, Petr Widimsky®, Petr Waldauf®, Tomas Zelinka® Ondiej Petrak®, Milos Taborsky®,
Marian Branny®, Petr Tousek®, Karol Curila®, Lukas Lambert, Frantisek Bednai®, Robert Holaj?,
Branislav Strauch?, Jan Vaclavik?, Eva Kocianova®, Igor Nykl®, Otakar Jiravsky®, Gabriela Rappova®,
Tomas Indra?, Zuzana Kratka® and Jifi Widimsky Jr®

.7

Conclusion: In the settings of true resistant hypertension,
spironolactone addition (if tolerated) seems to be of better
efficacy than RDN in BP reduction over a period of 24

months. However, by contrast to the 12-month results, BP

changes were not significantly greater.

Received 28 September 2016
Revised 11 November 2016
Accepted 15 December 2016
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PRAGUE-15 study 2.Y1l sonug

® 106 hasta
* 52 hasta RSA+tedavi
* 54 hasta 25 mg spironalakton+tedavi

* Toplam 86 hastadan 2 yillik veri toplanmuis.



PRAGUE-15 study 2.Y1l sonug

TAELE 2. Differences after 24 months

Change from baseline

in RDN
mean (95% CI) P Value

Mumber of patients 42 44
BMI (kg/m®) -08(-21,05) 0.21
Plasma sodium {mmaoll) —-1.1{(=2.2,0.1) 0.06
Plasma potassiurm (mmall) 0.1{-01,0.2) 0.52
Creatinine [pmaoll) 05{—41, 5.1) 084
Creatinine clearance {mls per 1.73m%) —0.2 (—0.4, 0.1) 0.22
Total plasma cholesterol {mmaol) —0.1{-04, 0.1) 0.26
Fasting plasma glucose {mmali) —04{-1.0,01) 0.08
Office SBP {(mmHg) —177(-247, —108) <0.0MN
Cffice DBP {mmHg) —126{-16.6, —B.5) =0.001
HR {bpm) —45(—B4,—05) 0.02
24 h SBP (mmHg) —-9.1(-13.3, -4.9) 0.001
24h DBP {mmHg) —57(-77,-386) <10.001
24 h HR {bpm) —08{(-32,16) 0.49
Number of drugs used 0.3 (-0.1,0.6) 0.1

Change from baseline
in PHAR

mean (95% ClI) P Value

0.6 (-12,2.5) 0.49
-20(-32, -09)  0.001
0.1 (-0.1, 0.3) 0.14
37(-19,93) 0.19
—0.3(-06, —0.1) 0006
-04(-07, -0.1) 0.004
0.2 {(—04, 0.8) 0.57

—14.1 (-20.1, —-80) <0.001
—83(-124, —42) <0.001
_57(-96, —18 0005

109 (-16.4, —55)  0.001
—74(-103, —45) <0.001
_16(-37, 0.6) 0.15

0.1 (—0.1, 0.4) 0.28

Between-group differ-

ence in change

—-15(-37, 0.8)
0.9(-07, 2.5)
—0.1(-03, 0.1)
~32(-103, 39)
0.2 (-0.2, 0.5)
0.3(-0.1, 0.5)
_06(—14,032)
~36(-127,55)
_43(-99, 1.4)
12{-42,67)
1.8 {—5.0, B.6)
17{-18,52)
08(-24, 39)
0.1(-03, 0.5)

mean (95% CI) P Value

0.19
0.26
0.41
037
0.32
0.17
011
043
014
0.66
0.59
0.34
0.64
0.53

Between-group differ-
ence in change
adjusted to baseline

differences

mean (95% CI) P Value

-15(-38
1.1{-03
—0.1(-03

~3.0(-10.1, 4.1)

0.1(-02
0.1(-02
—06(-1.2
—05(-75
—26(-72
10(-38
29(-31
22{(-10
06(-24
0.1{-03

, 0.8}
. 2.4)
L1}

,0.3)
, 0.4)
,0.1)
, 6.7)
L 2.1)
. 5.8)
, B.E)
. 5.4)
 37)
, 0.5)

0.2

0.12
0.35
0.4

0.62
0.42
0.08
0.89
027
0.69
0.34
0.17
0.68
07

Cl, confidence interval, HR, heart rate; PHAR, phamacclogical treatment amn; RON, renal denervaticn arm.



PRAGUE-15 study 2.Y1l sonug

* Benzer ofis 0lcimlerinde sist.TA de diisme p:0.89
e Standart tedavi+ RSA 17,7 mmHg diisme
e Standart tedavi +Spironolakton 14,1 mmHg diisme

g17
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Follow-up-(months)
-—+--PHAR —+ — RDN|

FIGURE 3 Changes of office SBP. Significant office SBP changes from baseline to
24 months were ohserved. The figure shows the model of office SBP during the
follow-up, using the linear multilevel effect model. The data are adjusted to base
line differences and showed with 95% confidence interval. PHAR, phamacological
treatment am; RDN, renal denervaton ammn.



PRAGUE-15 study 2.Y1l sonug

* Benzer 24 sa ABPM sist TA de diisme, p:0.34
e Standart tedavi+ RSA 9,1 mmHg diisme
e Standart tedavi +Spironolakton 10,9 mmHg diisme

e
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=
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FGURE 2 Changes of 24-h SBP. Significant 24-h SBP changes from baseline to 24
manths were observed. The figure shows the model of 24-h SBP during the
follow-up, using the linear multilevel effect model. The data are adjusted to base
line differences and showed with 95 % confidence interval. PHAR, pharmacological
treatment arm; RDM, renal denervation arm.
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PRAGUE-15 study 2.Y1l sonug

* Sonuc:

* Tedaviye direncli hipertansiyonlu hastalarda tolere
edilebiliyor ise spironolakton eklemek RSA dan daha
etkili gorunmekte



Spironolakton

ORIGINAL ARTICLE

Renal Denervation vs. Spironolactone in Resistant
Hypertension: Effects on Circadian Patterns and Blood

Pressure Variability

Alejandro de la Sierra,' Julia Pareja,” Pedro Armario,* Angela Barrera,' Sergi Yun,'
Susana Vazquez,* Laia Sans,* Julio Pascual,! and Anna Oliveras*

BACKGROUND

Sympathetic renal derervation {SRD} has been proposed as a thera-
peutic alternative for patients with resistant hypertension not con-
trelled on pharmacological therapy. Two studies have suggested an
effect of SRD in reducing shomt-term blood pressure variability (BPY).
Howeever, this has not been addressed in a randomized comparative
trial. We aimed to compare the effects of spironolactone and SRD on
circadian BP and BPY.

METHODS

This is a post-hoc analysis of a randomized trial in 24 true resist-
ant hypertensive patients (15 men, 9 women; mean age 64 years)
comparing 50 mg of spironolactone {p = 13) vs. 5RD (n = 11) on
24-hour BP. We report here the comparative effects on daytime (&
am-10 i) and nighttime (0 am-& am) BF, night-to-day ratios and
EP and heart rate variabilities (50 and coefficient of variation of
24-hour, day and night, as well as weighted 50 and average real
variability (ARVY).

Arnerican Jourmal of Hypertersion 30{1) January 2017

RESULTS

Spironolactone was more effective than SAD in reducing daytime sys-
tolic (P = uo0s), daytime diastolic (P = 0.008), and nighttime systolic
(P = 0.050) BP. No differences were obsenved in the nig hi-to-day ratios.
In contrast, SAD-reduced diastolic BPY (24 hours, daytime, nighttime,
weighted, and ARV all P < 0i05) with respedt to spironolactone, without
significant differences in systolic BFV.

CONCLUSION

Spironolactone s more effective than SRD in redudng ambulatony BR.
However, BPY is significanthy miore reduced with SR0. This effect could
be important interms of potential prevention beyond BP eduction and
deserves further imvestigation.

: blood pressure; blood pressure variability; circadian blood
pressure profile; hypertension; resistant hypertension; spironolactone;
sympathetic renal deneration.

dok 101093/ ajh/hpwoas
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Renal Denervation vs. Spironolactone in Resistant

Hypertension: Effects on Circadian Patterns and Blood
Pressure Variability

Alejandro de la Sierra,! Julia Pareja, Pedro Armario,* Angela Barrera,' Sergi Yun,'
Susana Vizquez,* Laia Sans,* Julio Pascual,* and Anna Oliveras*

BACKGROUND RESULTS
Sympathetic renal denervation (SAD) has been propesed as thela— Spircnolactone was mare effective than SAD in reducing daytime sys-
peutic alternative for patisnts with resistant hypertension not con- tolic P = 0.008), daytime diastolic (P = 0.008), and nighttime systolic
trolled on pharmacological therapy. Two sturdies have sugge: sved (P =0.050) BR. No differences were observed in the night-to-day ratios.
° ° ° effact of SR in reducing shor-term blood pressure variabil Inqrtllw: In contrast, SRO-reduced diastolic BPY (24 hours, daytime, r ighime,
. ° However, this has not been addressed in a randomized comparative weighted, and ARV, all P cnﬂmrh L ectta spironclactons, without
trial. We aimed to compare the effects of spironolactone and SAD on significant differences in systolic
24 Airencili 1.1 ranaomizasyon
CONCLUSION

Spircnolactone & more effective than SRD in reducing ambulstory BP.
METHODS However, BEV issignificantly more reduced with SRD. This efiect could

S d d 1 RSA. h T:r 2= ';':‘E a;:'!"’ﬁ :?fg m';’:dg :L"“’f 'Ei"l‘a" gy resist- beimportant interms of potential prevention beyond &P redy ction and
L tandart tedavi+ : 11 hasta hypertensve einage syl ety fucheestiion.
s o

=5 ing 50 mg of spironolacton m
24-hour BP. We report hare the compar Keywords: blood pressur; bloo dpnesune variabilty; ircadizn biood

% 5 =10 m! and nighttime (0 am—6 au) B -4 ios an pressure profile; hyp resistant spin
BP and heart rate variabilities (5D and coefficient of variation of sympathetic renal denervatior
e Standart tedavi + 50 mg Spironolakton: o S o it

* Sonug¢: 6.ay1n sonunda Standart tedavi + 50 mg
Spironolakton eklemek daha fazla KB diististi saglamis
P:0,000

Table 2. Diurnal and nocturnal blood pressures and heart rate, as well as night-to-day ratios according to treatment group

Parameter Spironolactone Renal denervation P valua®
Baseline 6 months Difference Baseline 6 months Difference
Daytime _., mm Hg 158.1+£9.9 132617 1 e 2 17.0 153.0£8.3 149595 -~ 12128 R
Daytime DBP, mm Hg 83.0+10.0 72.8+9.2 —10.3£84 84.2+103 824x8.8 —1.8+8.3 0.006
Daytime HR, bpm 70.3+£10.3 726191 2379 66.4+7.7 688187 24+76 0.63
Mighttime SBP, mm Hg 146.5+15.6 12324147 -23.4+15.6 141.2+11.4 1341+£222 —7.1+18.2 0.050
Mighttime DBF, mm Hg 751x124 64.0+9.2 -11.1x9.7 75486 71.5£1386 -3.91956 0.066
Mighttime HR, bpm 627+9.9 627+10.4 01+7.7 £6.5+6.9 £80+84 25+6.8 0.775
MDR SEP, % 92777 03.2+6.2 0.6+8.0 025+9.3 807+133 -28+84 0.313
MDR DBP, % 90.3z8.8 88.1+8.2 —22+7.9 90.1+8.9 867128 -3.4£86 0.711

NDR HR, % 89.6+091 86.5+11.0 -3.1+122 856+10.9 86.0+8.8 04+139 0.976
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Meta-analysis of randomized controlled trials
of renal denervation in treatment-resistant
hypertension
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Figure 3. Six-month response of 24 h systolic blood pressure (SBP) to renal denervation (RN or to follow-up in the control group.
Solid points represent the effect size in individual studies and have a size proportional to the inverse of the variance. The diamond represents
the pooled estimate. Horizontal lines and diamonds denote the 953% confidence intervals {Cls). For all trials combined, the pooled within-
group change is given with 95% CI. P-values refer to the significance of the pooled between-group estimate and Cochrans O test for

heterogeneity.
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Spyral HTN Global Clinical Trial Program

First Phase

SPYRAL HTN-OFF MED
= Up to 100 patients
* Sham RCT (1:1)

= Main body and branch ablation

Second Phase

= Mo specific baseline medication

requirement )
* Compare ABPM change at 3 months SPYRAL HTN Pivotal
» « Based on OFF/ON trial results
« Cost effectiveness data/QOL to be
SPYRAL HTN-ON MED measured

« Up to 100 patients

« Sham RCT (1:1), 3 medication classes
+ Main body and branch ablation

* No max tolerated dose

« Compare ABPM change at 32 months

Kandzari et al. Am Heart ] 2015

TRIAL REGISTRATION:

ClinicalTrials.gov NCT 024397149 NCT02430775.
™ Piedmont

HEART



http://clinicaltrials.gov/show/NCT02439749
http://clinicaltrials.gov/show/NCT02439775
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SPYRALHTN-ON MED Study

Dffice BP

Office BP
ABPM

& Mo 12-36 Mo

|
2—4 weeks Renal denervation :
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| i
e 1st screening 2nd screening Randomization/ i
and <180 mm Hg Procedure | blindi
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RADIANCE-HTN:
Randomized, Sham-Controlled Clinical Study:
Paradise Ultrasound Renal
Denervation System

THE F'ADIANLE HTN E:TUDY

Laura Mauri, MD, MSc

Brigham and Women’s Hospital

Professor of Medicine, Harvard Medical School

Chief Scientific Officer, Baim Institute for Clinical Research




RADIANCE-HTN Study Overview:

Hypertensive Patient Population

RADIANCE SOLO Cohort RADIANCE TRIO Cohort
(Essential HTN) (Resistant HTN)

|
. . Replace HTN meds
Discontinue HTN meds with fixed dose, triple HTN combo
I |
Washout 4 weeks Stabilize 4 weeks
Home BF Monitoning Home BP Monitoring

I I

Elevated Daytime ABP ted .
= 135/85 mmHg Ele Day ABF

= 170/105 mmHg = 135/85 mmHg
1 |
CTA/ MRA o
Duplex Urine Analysis, Duplex
Biomarkers
MMAS-8*

BEa G

Primary Efficacy Endpoir]t

Difference in Daviime Ambulatory Systolic BP. 2 months
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RADIANCE-HTN: Medication Escalation Protocol

Objective: Pre-defined medication adjustment between 2 and 6 months
to achieve BP control for all randomized subjects

SOLO & TRIO Cohorts (Treated & Sham)
2 Month Follow-Up
BP Control Achieved?

2,3, 4,5, & 6 Month Adjustments
Iif BP Control not achieved

Add HTN Medication:
Drug and dose per protocol-defined escalation

6 Month Follow-Up
Office and Ambulatory BP
Medication Burden




RADIANCE-HTN Key Patient Eligibility Criteria

Solo Cohort

Essential HTN on =2 HTN meds

OPB < 180/110mmHg while on 1-
2 meds

or OBP = 140/90 and
<180/110mmHg while on no meds

4-weeks off meds

Daytime ABP= 135/85mmHg and
<170/105mmHg

No history of CVA

No repeat hospitalization for
hypertensive crisis within prior 12
months

Trio Cohort

Resistant HTN on=3 HTN meds,
including diuretic

OBP = 140/90 while on stable
regimen of > 3 meds

4-week stabilization on single pill,
fixed dose, triple medication

Daytime ABP = 135/85mmHg
No history of CVA within 3 months

No documented evidence of
secondary hypertension




Study Implementation

42 sites
 US, UK, Germany, France and the Netherlands
* Enrollment on-going
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REDUCE-HTN: REINFORCE
Study Overview

Prescreen

Informed Consent MN=100 at up to 20 US sites

Final Eligibility
Assessment

O5EP 2150 and <180 mmHg
ASBP =135 and <170 mmHg

k4

2:1 Randomization (RDN:Control)

Primary Follow-up Period — No Meds (unless rescue)
Visits: 2, 4 and 8 weeks
Primary Efficacy Assessment (ASBP) — 8 weeks
Procedural Safety Assessments — 4 weeks

Secondary Follow—up Period — Med Additions per Protocol
Visits: 12, 16, 20 and 24 weeks
Secondary Efficacy Assessment (ASBP) — 24 weeks
Safety Assessment — 24 weeks

",'1," tct 2016 Long-term Follow—up through 3 years '," E;:ﬂ';‘:":;ﬂ;’:




REDUCE -HTN

* 6 AYLIK TAKIP

e ORT 24,5/10,3 mmHg DUSUS (N:143 HASTA)
* 18 AYLIK TAKIPTE

e ORT 30,2/12,7 mm Hg diisiis (N:51 HASTA)

Sievert H, Schofer J, Ormiston J, Hope UC, Meredith IT, Walters DL, Azizi M, Diaz-Cartelle
J, Cohen-Mazor M. Renal denervation with a percutaneous bipolar radiofrequency balloon
catheter in patients with hypertension: 6-month results from the REDUCE-HTN clinical
study. Eurointervention 2015;10:1213-20



REINFORCE Study Details

REDUCE-HTN: REINFORCE

Randomization 2:1 (Test:Control)
* Test: Renal Denervation
*+  Control: Masked Procedure (renal angiogram)

Key Inclusion Criteria 218 and £75
OSBP 2150 mmHg and =180 mmHg based on an average of
3 office-based blood pressure measurements
Avg 24-hour ASBP 2135 mmHg and €170 mmHg
For each kidney, a main renal artery, with or without
accessory renal arteries, with diameter 23.0 mm and £7.0
mm and length 220.0 mm

Primary Efficacy Assessment Mean reduction in average 24-hour ambulatory systolic blood
pressure (ASBP) at 8 weeks post randomization




Boston Scientific Renal Denervation
RELIEVE Clinical Series

Renal Denervation - Chronic Kidney Disease
Prospective, single-center RCT, 1:1 - 20pts
Status — Enrolling

Kidney

- Disease
Vessix Global Clinical Program

ORELIEVE

IMPROVE-HF

RELIEVE Clinical Series Heart Failure Prospective, randomized, 1:1 — 70pts

European Investigator Status - Enrolling

Sponsored Research
Collaboration for HTN with

expanded disease Comorbidities
states

REDUCE-CAD — HTN with CHF, AF, or Diabetes
Prospective, observation study — 100 pts
Status — Enrolling

How to test success of a RDN
Prospective, single-center, observation — 20 pts
Status - Enrolling

Testing RDN
success



Conclusions

* The REDUCE-HTN: REINFORCE randomized trial is a
novel study designed to isolate the effects of renal
denervation as a sole treatment for HTN

* Patient recruitment, screening and randomization are
currently ongoing

— Various forms of outreach are being utilized to accelerate
recruitment

* The Vessix RELIEVE clinical series is designed to better
understand the effects of renal denervation on

HTN and other conditions potentially treated with
renal denervation




P ST

Device Overview and Ongoing

Study Design:

St. Jude Medical’s EnligHTN
Program

William B. White, MD

Professor, Calhoun Cardiology Center
University of Connecticut School of
Medicine, Farmington, CT, USA
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« Study Chairs:
« Felix Mahfoud (Germany) and William B White (USA)
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= William Gray (USA), Atul Pathak (France), Costas Tsioufis (Greece),
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“Expertise in Device Therapy, General and Interventional Cardiclogy, Hypertension and Clinical
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Ongoing EnligHTN™ Clinical Evidence Series

2013 2014 2017 & Beyond
EnthThI k First-in-Hu Clinical Trial [GGMPLEI'ED]

EnligHTN II: International Clinical Trial (~FOLLOW UP*=)

* HNon-Randomized trial of 500 p&. 0 further evaluai safely and lbng-iem eficacy of the marke released EnligHTH™ sysem
n the broader HT M populaion, five-yearfollow-up

EnligHTN 1ll: Gen 2 First-in Human Trial (COMPLETED)

EnligHTN Regional Observational Studies ***FOLLOW UP*+)

= Non-Randemized regising(S) 1o urmer eshabish oulcomes and Suppor r2gional rembursement in
Eurcpean geographies, ~1300pianned pabenis Dial with 1200 iolow-up

Renal Denervation + Afrial Fibrillation {“‘FDLLDW LIP*‘-*}

ed IDE Trial
cussions win FLA
regarding fnal pabway



Trial Flow Overview

Double-blinding through 12 months

Follow up at
1, 3, 6, & 12 months
Anti-HTN medication
changes will be restricted
through 6 months

Continued fiu at
24 and 36 months

EI'I"QHTN — Intervention
Stabilization for
6 weeks on _
Standard Triple Randomize
Medication/ 21
Screening
Sham — Sham
Intervention




Blood Pressure Reductions through 24 months

(all p values <0.0001)
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Importantly, Antihypertensive Medications
Were Minimally Altered
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e David Kandzari “Thereafter, I do believe that renal
denervation would find a common role in the
treatment of treatment-resistant hypertension, . . . but
we'e still years from that being a reality,” he said.

Renal Denervation: An Alternative
to Life-long Poly-pharmacy?




